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ABSTRACT 



Aims. The unification scheme of Seyfert galaxies predicts that the observed differences between type 1 and type 2 Seyfert galaxies are 
solely due to the dilfering orientations of the toroidal-shaped obscuring material around AGN. The observed X-ray spectra of Seyfert 
type 2s compared to type Is are expected to be affected by higher absorbing column density due to the edge-on view of the obscuring 
torus. We study the 0.5 - 10 keV X-ray spectral properties of Seyfert type Is and type 2s with the aim to test the predictions of Seyfert 
unification scheme in the X-ray regime. 

Methods. We use an optically selected Seyfert sample in which type Is and type 2s have matched distributions in the orientation 
independent parameters of AGN and host galaxy. 

Results. The 0.5 - 10 keV XMM-Newton pn X-ray spectra of Seyfert galaxies are in general best fitted with a model consists of an 
absorbed power-law, a narrow Gaussian fitted to the Fe Ka emission line and an often seen soft excess component characterized by 
either a thermal plasma model with temperature kT ~ 0. 1 - 1.0 keV and/or a steep power-law. The 2.0 - 10 keV hard X-ray continuum 
emission in several Seyfert type 2s is reflection dominated and suggests the Compton-thick obscuration. Results on the statistical 
comparison of the distributions of the observed X-ray luminosities in the soft (0.5 - 2.0 keV) and hard (2.0 - 10.0 keV) bands, the 
X-ray absorbing column densities, the equivalent widths of Fe Ka line and the flux ratios of hard X-ray to [OIII] /15007 A for the two 
Seyfert subtypes are consistent with the obscuration and orientation based unification scheme. 

Key words. Galaxies: Seyfert - X-rays: galaxies - Galaxies: active 



1. Introduction 

Seyfert galaxies are classified mainly into two classes, based 
on the presence (type 1) or a bsence (type 2) o f broad emission 
lines in their optical spectra d Antonuccill 1 993h . The unification 
scheme of Seyfert galaxies hypothesizes that Seyfert type Is and 
type 2s constitute the same parent population and appear differ- 
ent solely due to the differing orientations of the AGN axis w.r.t. 
the line-of-sight. The scheme requires the presence of toroidal- 
shaped dusty molecular obscuring material around the AGN. In 
the type 2s, this torus is inclined edge-on and blocks the direct 
view to the nuclear region, while in type Is the observer's line- 
of-sight i s away from the plane of the torus and the central region 
is visi ble (lAntonucci & Millei<19"85tlAntonuccill993l:IUrrv et al.l 
[1991 . 

Several investigations in the literature have yielded results 
consistent with the predictions of this scheme, such as, the 
presence of broad emission lines in t he polarized optica l and 
infrared spectra of many Seyfert 2s (iMoran et al.' '200 0|), the 
bicon ical structure of the narrow line region (Mulcha ev et al.l 
1 19961) , the similarity of CO masses of the two Seyfert sub- 
types (iMaiolino et al.lll99 7 [). and similar nuclear radio proper- 
ties of both the subtypes ( Lai et al]l201 ih . Inconsistencies with 
the predictions of the scheme remain however, e.g., th e ab- 
sence of hid den Seyfert 1 nuclei in several Seyfert 2s (iTranI 
1200 iL l2003h . Seyfert Is b eing preferentially h osted in galax- 
ies of earlier Hubble type (iMalkan et al.lll998h . the lack of X- 



ray absorption in some Seyfert 2s (iPanessa &Bassanill200l . 
and Seyfert 2s having a higher propensity for nuclear starbursts 
dBuchanan et al.ll2006h . Moreover, it has been evident that the 
sample selection plays a cruc ial role in testing the predictions 
of Sey fert unification scheme (lAntonucc i 2002). Ho & Ulve stadI 
( 1200 Ih have discussed that the optical and UV selected sam- 
ples are likely to have inherent biases against the obscured 
sources. IR selected samples can be biased towards unusually 
dusty as w ell as sources which have higher level of nuc lear star 
formation (iHo & UlvestadI 1200 it iBuchanan et alJl2006h . X-ray 



selected samples have also been tised to examine the validity 
of Seyfert un ification (lAwaki et al]|1991l: ISmith & Don3 119961: 
iTurneret al.lll997allbl [l998; Ba ssani et al.Nl999t) . However, the 
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Seyfert samples selected from flux limited surveys are likely 
to have obscured type 2 Seyferts that are intrins ically more lu- 
minou s th an the selected type 1 counterparts. iMaiolino et alJ 
(119981) and lRisaliti etaP (1 19991) have shown the increased num- 
ber of heavily obscured type 2 sources using a sample based on 
[OIII] /i5007A line luminosity, suggesting the generally inher- 
ent bias against less luminous and heavily obscured sources in 
X-ray selected samples. Hard X-ray selected samples are sup- 
pose to be less biased but cannot be granted to be free from 
biases against heavily obscured Compton-thick and lo w lumi- 
nosity AGNs (iHeckman et al.ll2005l: IWang et al.ll2009l) . Recent 
Seyfert samples based on INTEGRAL and SwififBAkT surveys 
preferentially contain relativel y large number of high luminos- 
ity and less absorbed Seyfert s dTueller et al.ll2008t iTreister et alJ 
120091: iBeckmaiin et al.ll2009h . possibly due to less effective area 
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which Umits the sensitivity only to (~10 " erg s"' cm"^) bright 
sources. 

The quest of testing the validity and limitations of the Seyfert 
unification with more impr oved and we l l defined samples stil l 
continues. Recen t studies bv lCappi et"an (l2006h : IPadinal (l2008h : 
iBeckmann et al.l (|20Qg) used less biased optically and X-ray se- 
lected samples and reported the results broadly consistent with 
unification, nonetheless, issues related to sample selection still 
remains. Keeping the above sample selection arguments in mind 
we opted to use a sample in which the distributions for type 1 
and type 2 Seyferts are matched in orientation independent pa- 
rameters. Such sample selection mitigates the biases generally 
inherent in flux limited surveys and also ensures that the two 
Seyfert subtypes are intrinsicall y similar within the f r amework 
of Se yfert unification scheme dSchmitt et al.l l2003t iLal et al.l 
I20TI . 

In the standard picture of the unification scheme, AGN pow- 
ered by accretion on to supermassive black hole and surround- 
ing broad line region cloud s are embedded in an obscuring toru s 
dAntonucci & Milleilll985l: lAntonuccil[T99l lUrrv et al.lfl995h . 
The X-ray emission originating from the AGN carries the im- 
prints of obscuring and reprocessing material. Therefore Seyfert 
X-ray spectra are expected to diff'er depending upon whether 
the AGN is viewed directly {i.e., type Is) and through the 
obscuring torus {i.e., type 2s). In Seyfert type 2s, the intrin- 
sic X-ray emission is attenuated by the obscuring torus and 
the observed flux as well as the X-ray spe ctral shape depend 



on the optical depth of the obscuring torus (lAwaki et al.l 



1991 



1999; 



Smifli & DonHl996t iTurneret al.lll997at iBassani et all 
Cappi et al J 12006'). Since the photoelectric absorption cross- 
section decreases with the increase in photon energy, an increas- 
ing fraction of primary high energy photons are expected to 
transmit through the torus. Therefore, Seyfert type Is and type 
2s are expected to show systematically less difference for the 
observed hard X-ray luminosities and more difference for the 
soft X-ray (E < 2.0 keV) luminosities. Since in type 2s, AGN 
is viewed through the obscuring torus therefore type 2s are ex- 
pected to show systematically higher absorbing column densities 
than type Is. The absorbing column density can be measured via 
photoelectric absorption component in 0.5 - 10 keV spectral fits 
as long as obscuration is Compton-thin (Nh < 10^** cm"^). If ob- 
scuration is Compton-thick (Nh > 10^^ cm"^), type 2s become 
faint even at higher X-ray energies since high energy photons are 
Compton-down scattered to soft photons w hich eventually ge t 
absorbed or scattered out of the line-of-sight jMatt et al.ll2000ah . 
The equivalent width (EW) of Fe Ka line also increases with 
the absorbing column density as it is measured against much de- 
pressed continuum and for Com pton-thick sources it increases to 
~ 1 keV (GhiselUni et al. 1994: .Levenson et al. 20061). The flux 
ratio of hard X-ray (2.0 - 10 keV) to [OIII] i5007A line emis- 
sion can also be used as a diagnostic parameter for the amount 
of obscuration and type 2s compared to type Is are expected 
to show lower flux ratios of hard X-ray to [OIII] (iBassani et al.l 
119991: ICappi et al. 2006,) . In this paper we test these predictions 
of the unification scheme by comparing the properties such as 
the observed soft and hard X-ray luminosities, the X-ray absorb- 
ing column densities, the EWs of Fe Ka line and the flux ratios 
of X-ray to [OIII] /15007A for the Seyfert type Is and type 2s. 
In other words, using 0.5 - 10 keV XMM-Newton data we test 
whether X-ray properties conform with the optical classification 
of Seyfert type Is and type 2s in the framework of the orientation 
and obscuration based unification scheme. The important aspect 
of our study is the sample selection in which type Is and type 2s 
are matched in orientation-independent parameters. 



A description of the sample, observations and data reduc- 
tion is given in the section 2 and 3, section 4 describes the 
spectral modeling of X-ray spectra and the statistical compar- 
isons of X-ray spectral properties of the two Seyfert subtypes 
have been discussed in section 5. Notes on individual Seyfert 
galaxies are given in the appendix. In this paper, we assume 
Ho = 71 km-i Mpc-i, = 0.27, and Qvac = 0.73. 

2. The Sample 



We use the sample of iLal et al] ( 1201 lb which is consist of 20 
(10 type 1 and 10 type 2) optically selected Seyfert galaxies. 
This sample was formulated to study the nuclear radio proper- 
ties in the framework of Seyfert unification scheme and in this 
paper we attempt to test the predictions of Seyfert unification 
scheme in the X-ray regime using the same sample. Although, 
the sample was formulated to study parsec-scale radio emission 
and is constrained by VLBI observing feasibility criteria, it is ad- 
equately qualified to test the predictions of unification scheme in 
the X-ray regime since it is based on the orientation-independent 
parameters. In this sample Seyfert galaxies are defined as ra- 



dio quiet ( 



Fb- 



10) (lKellermannetal.ll 19891), low optical 



luminosity AGN (Mb > -23) ([Schmidt & Green 19831), hosted 
in spiral or lenticular galaxies Q Weedmani 1 1 977) . All the inter- 
mediate subclasses Seyferts {i.e., 1.0, 1.2, 1.5, 1.8, 1.9) which 
show any broad permitted emission line component in their op- 
tical spectra are grouped as type Is, while those which show 
only narrow permitted emission lines are considered as type 2 
Seyferts. The sample is selected such that the two Seyfert sub- 
types have matched distributions in the orientation-independent 
parameters of AGN and host galaxy and the sources which were 
deviating in matching the type 1 and type 2 distributions of 
the orientation-independent parameters were left out. In other 
words, the sources should lie within the same range of values for 
a given parameter to enter into the sample. Also, it was ensured 
that in a given bin of a parameter distribution type Is do not out- 
number the type 2s and vice-versa. Indeed, there is a possibility 
to increase the sample size following the same sample selection 
criteria, however, we would like to emphasize that the more im- 
portant is the sample selection criteria and not the sample size to 
rigorously test the predictions of the unification scheme. Larger 
but heterogeneous and biased sample is likely to result incorrect 
conclusions. 

Cosmological redshift, [OIII] /15007A line luminosity, 
Hubble stage of the host galaxy, absolute stellar magnitude of 
the host galaxy and absolute magnitude of the bulge are consid- 
ered as the orientation-independent properties for the sample se- 
lection. These properties do not depend on the orientation of the 
obscuring torus, AGN axis and the host galaxy. And, indeed all 
these properties are intimately linked to the e volution o f AGN 
as well as host galaxy. We refer reader to see iLal et al.l (1201 ll) 
for the detailed description on the sample selection and on the 
matching of the distributions of the orientation-independent pa- 
rameters for the two Seyfert subtypes. The matching of type Is 
and type 2s in orientation-independent isotropic parameters en- 
sures that we are not comparing entirely intrinsically different 
sources selected from different parts of the (luminosity, bulge 
mass, Hubble type, redshift) evolution function. 



3. X-ray observations and data reduction 

We modeled the X-ray spectra of our sample sources us- 
ing XMM-Newton EPIC-pn observations obtained from XMM- 
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Table 1. XMM-Newton EPIC pn observations log 



Source 


Obs. 


Obs. 


Obs. 


Net expo. 


ct/s 


Obs. ID 


Rs 


name 


mode/filter 


date 


time (ks) 


time (ks) 






(arcsec) 


MCG+8-11-11 


SW/Medium 


2004-04-10 


38.45 


25.24 


14.93 


0201930201 


35.0 


MRK 1218 


SW/Thin 


2005-04-09 


13.87 


6.55 


0.53 


0302260201 


20.0 


NGC 2639 


FW/Thin 


2005-04-03 


26.12 


4.23 


0.24 


0301651101 


16.0 


NGC4151 


SW/Medium 


2006-11-29 


52.81 


24.60 


9.57 


0402660201 


40.0 


MRK 766 


SW/Medium 


2005-05-24 


95.51 


60.12 


4.92 


0304030101 


40.0 


MRK 231 


FW/ Medium 


2001-06-07 


22.34 


17.30 


0.10 


0081340201 


30.0 


ARK 564 


SW/Medium 


2005-01-06 


101.77 


69.07 


39.67 


0206400101 


35.0 


NGC 7469 


SW/Medium 


2004-12-03 


79.11 


54.95 


21.59 


0207090201 


37.5 


MRK 926 


SW/Thin 


2000-12-01 


11.76 


7.19 


18.33 


0109130701 


37.5 


MRK 530 


SW/Thick 


2006-06-14 


16.82 


11.42 


12.93 


0305600601 


20.0 


MRK 348 


FW/Medium 


2002-07-18 


49.50 


26.54 


1.96 


0067540201 


22.5 


MRK 1 


FW/Thin 


2004-01-09 


11.91 


8.66 


0.07 


0200430301 


17.5 


NGC 2273 


FW/Medium 


2003-09-05 


13.02 


5.21 


0.08 


0140951001 


20.0 


MRK 78 


FW/Thin 


2006-03-11 


16.12 


4.83 


0.09 


0307001501 


22.5 


NGC 7212 


FW/Thin 


2004-05-20 


14.22 


10.50 


0.10 


0200430201 


20.0 


MRK 533 


LW/Thick 


2004-06-02 


10.42 


7.51 


0.12 


0200660101 


17.5 


NGC 7682 


FW/Thin 


2005-05-27 


20.21 


14.27 


0.04 


0301150501 


16.0 



Notes; SW: Small Window, FW: Full Window, LW: Large Window, Rs: radius of the circular region around the 
source used for spectral extraction. 



Newton Science Archive. High throughput (especially, at ener- 
gies E > 2.0 keV) of XMM-Newton allows to search for spec- 
tral components with absorbing column density up to Nh ~ 10^"^ 
cm"- and its good spatial resolution minimizes any strong con- 
tamination from off-nuclear X-ray emission. For our X-ray spec- 
tral study, we use only EPIC pn data and did not include EPIC 
MOS data since it is more susceptible to pile-up for bright X-ray 
sources and few sources, e.g., MRK 530 do not have MOS data. 
Also, EPIC pn data is good enough for our purpose of obtain- 
ing the average X-ray spectral parameters {e.g., photon index, 
equivalent hydrogen column density, EW of Fe Ka emission 
line) of our sample sources. In case of a source had more than 
one observations in archive, we chose the latest one with suffi- 
cient long exposure time. The observation log is given in table 
1 and gives the details of observing modes of pn camera, used 
optical light blocking filters, observation dates, observation and 
net exposure times, count rates, observation IDs and radius (in 
arcsec) of the circular region around the source position used to 
extract the X-ray spectra. The raw observation data files (ODFs) 
were reduced and analyzed using the standard Science Analysis 
System (SAS) software package (version 7.1) with the latest cal- 
ibration files. The time intervals of high energy background par- 
ticle flares were removed by applying fixed threshold on single 
events, using E > 10.0 keV, and 6t - 50 sec light curves. The 
background is extracted from a circular region in the same chip. 
In order to apply statistics the spectra were binned with min- 
imum 20 counts per bin. 

We present the X-ray spectra of 17 (10 type Is and 7 type 
2s) out of 20 Seyfert galaxies of the sample using XMM-Newton 
pn archival data. For 6 Seyfert galaxies, i.e., MRK 1218, NGC 
2639, MRK 530, MRK 78, MRK 533 and NGC 7682, the XMM- 
Newton X-ray spectra are presented for the first time and for 
two Seyferts, i.e., NGC 4151 and NGC 7469, the XMM-Newton 
archival data chosen by us have not been published. The XMM- 
Newton spectra of rest of the 9 sources have been individually 
published, however, to have uniform reduction and analysis, we 
re-do the X-ray spectral fitting of these sources using data re- 
duced with most updated calibration files. Also, a priori we do 
not rule out the possibility of obtaining the different or better fits 
for these 9 sources and therefore we prefer to re-do the spec- 
tral analysis for these sources. For 3 (type 2) Seyfert galaxies of 



our sample, i.e., NGC 5135, MRK 477 and NGC 5929, there 
are no XMM-Newton data and we are using Chandra and ASCA 
spectral parameters for these sources from literature while per- 
forming the statistical comparison of the X-ray properties of the 
two subtypes of Seyferts. 

4. X-ray spectral analysis 

We attempt to obtain the physically motivated best fits for the 0.5 
- 10.0 keV XMM-Newton pn X-ray spectra of our sample Seyfert 
galaxies. Since the primary aim of spectral analysis is to identify 
the underlying continuum components, we first tried to fit each 
spectrum with a simplest model consists of a power-law plus 
absorption fixed at the Galactic value plus intrinsic absorption 
as a free parameter. However, in most of the cases this simple 
parametrization is insufficient to model the whole spectrum and 
residuals often show a soft excess and an emission line feature 
at 6.4 keV on top of the (absorbed or unabsorbed) power-law. 
In most of the cases, we found the best fit model consists of 
a power-law with a photoelectric cutoff due to cold absorption 
from the Galactic column density and neutral gas at the redshift 
of the source; a narrow Gaussian line to reproduce the iron Ka 
fluorescent emission line at 6.4 keV in the rest frame with en- 
ergy, width and intensity as free parameters; soft excess com- 
ponent characterized by either a steep power-law and/or a ther- 
mal plasma model with temperature kT. In some cases reflec- 
tion component characterized by reflecti on from an isotropically 
illum inated cold slab (model PEXRAV dMagdziarz & Zdziarskil 
Il995h in XSPEC (jArnaud 1996)) is required for the best fit. A 
partial covering of the primary power-law component is also 
needed for the best fit in some sources. The partial covering 
model is equivalent to a combination of an absorbed power-law 
plus a scattered power-law, assuming that the power-law slopes 
of these two components are same. We note that for many of 
our sample sources, the 0.5 - 10.0 keV X-ray spectra can ap- 
proximately be modeled as "exp(-NHo o-ahs) x [soft component 
-H exp(-NH, CTabs) (AE'^ -H emission lines)]", as suggested by 
iNandra & Poundsl (11994 ; lAwaki et al.1 (l2000l) . where Nh„ and 
Nh, are the Galactic and source column densities, respectively. 
Table 2 describes the best fit spectral parameters of all the sam- 
ple sources and figure 1 shows the best spectral fits of 17 sample 
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sources. Errors on the spectral fit parameters and derived quan- 
tities are at 90% confidence level. 



4.1. X-ray spectral components 

In the following sections we describe the main components of 
the 0.5 - 10 keV spectra of our sample Seyfert galaxies. 



4.1.1. Absorbed power-law 

The X-ray continuum of Seyfert galaxies can primarily be char- 
acterized by a photoelectric absorbed power-law. Figure 3 shows 
the distributions of equivalent hydrogen column density for the 
two subtypes of Seyferts of our sample. The estimated column 
densities in Seyfert galaxies of our sample varies from Galactic 
value to as high as the limiting value of Compton-thick obscu- 
ration (Nh > 1.5x 10^"* cm"^). As expected in the unification 
scheme, Seyfert type Is of our sample are systematically less 
absorbed than type 2s. 

Among type 2s, many sources [e.g., MRK 1, NGC 2273, 
MRK 78, NGC 5135, NGC 7212, MRK 533 and NGC 7682) 
are heavily obscured and show only the reflection component in 
the 2.0 - 10 keV band. We identify these 7 type 2 Seyferts as 
Compton-thick sources with equivalent hydrogen column den- 
sity along the line-of-sight 1.5x10^"^ cm"^ or higher and exhibit- 
ing reflection dominated spectra in the 2.0 - 10.0 keV band. The 
hard (2.0 - 10.0 keV) component of all the Seyfert type Is is fit- 
ted with an absorbed power-law and our best fits render photon 
indices (F) ~ 1.5-2.5 with the mean value of ~ 2.0, while type 2s 
have either similar hard X-ray photon indices with high absorp- 
tion or only pure reflection component. In the cases, where both 
direct as well as reflection components are considered, we fix 
the reflection component photon index equal to that of the direct 
power-law component. In some cases equally good fits can be 
obtained either using unabsorbed or less absorbed flat (F ~ 0.5 - 
1.0) power-law or with relatively more absorbed steep (F ~ 1.8 
- 2.1) power-law. In such cases we preferred the more absorbed 
steep power-law fit as the power-law ph oton index is clos er to 
the canonical value for Seyfert galaxies (ICappi et alj|2006h . We 
do not perform the statistical comparison of the photon indices 
of the two Seyfert subtypes since in many of the type 2 sources, 
the 2.0 - 10.0 keV hard X-ray spectrum is best fitted by pure re- 
flection component and without the presence of any transmitted 
power-law component from AGN. Therefore in such reflection 
dominated sources we do not have the photon index of the direct 
power-law component. 



4.1 .2. Soft X-ray excess 

17 among the 20 Seyferts of our sample exhibit the soft ex- 
cess, i.e., emission above the extrapolation of the absorbed AGN 
power-law. 3 (type 1) sources, i.e., MCG+8-1 1-1 1, MRK 1218 
and MRK 926 do not show any presence of the soft excess. We 
fit the soft excess by a thermal plasma model MEKAL (Mewe- 
Kaastra-Liedahl (1995)) and/or by a steep power-law. The typi- 
cal temperature of the thermal plasma corresponds to kT ^ 0. 1 
-1.0 keV and the soft X-ray photon index is typically 2.5 - 3.5, 
however, in two cases (MRK 78, NGC 7682) the best fit photon 
index is as steep as ~ 7.0 and 5.4, respectively. In some cases 
(e.g., NGC 4151, MRK 766 and NGC 7212), we see emission 
line features in 0.5 - 2.0 keV part of the spectrum, which indi- 
cates the presence of a sub-keV thermal plasma. 



The origin of soft excess can be attributed to circumnu- 
clear gas heated to million degrees by shocks induced by AGN 
outflows ( King 2005 .), an intense circumnuclear star form ation 
(ICid Fernandes et al.ll998HGonzalez Delgado et alJ200lh or the 
photoionization and photoexcitation of circumnuclear gas by the 
primary AGN emission. Recent high-resolution spectra of few 
sources, e.g., NGC 1068 d Young et al.''200ll'Kinkhabwal a et all 
i2002l). the Circinus galaxy (S ambruna et al., 2001.), MRK 3 
dSako et aUlIOOOl: iBianchi et alT l2005b; P ounds & 
NGC 4151 Jschurch et al.ll2004 have provided evidence that the 
soft excess is largely due to circumnuclear gas photoionized by 
p rimary AGN emis sion. Using a large sample of type 1 AGNs, 
M ateos et al ] (l2010h noticed the presence soft X-ray excess in a 
substantial fraction of nearby sources and fitted it with a ther- 
mal pla sma model with mean rest-frame temperature kT ~ 100 
eV. Mat eos et a n (l2010h ruled out the origin of the soft excess as 
thermal emission from the accretion disk or Compton scattered 
disk emission on the basis of the temperatures detected and the 
lack of correlation of the soft excess temperature with the hard 
X-ray luminosity. 



4.1.3. Reflection component 

Previous X-ray spectral studies reported that many Seyferts, in 
parti cular type 2s, sho w the presence of a reflection compo- 
nent dAwaki et al.l2000l) . Compton reflection of nuclear radiation 
from optically thick material can be an important component in 
Seyfert type 2s and beside absorption, a flat spectrum can re- 
sult from Compton reflection component dMatt et al]|1996l) . In 
highly obscured (Nh > 1.5 x 10^"* cm -), i.e., Compton-thick 
sources, the primary radiation is almost completely absorbed 
(at E < 10 keV), but these sources are still observable through 
the reflected radiation. There are 7 type 2 sources in our sam- 
ple in which the 2.0 - 10.0 keV part of the spectrum is best fit- 
ted with reflection component alone (PEXRAV model in XSPEC; 
iMagdziarz & Zdziarskj dl995h V The large EW of Fe Ka line 
in these sources is consistent with the C ompton-thick obscura- 
tion and reflection-do minated spectrum dGhisellini et al.|[T994t 
iLevenson et al ] |2006I) . Some type 1 sources, e.g., MCG-H8-11- 
11, NGC 4151, MRK 766 and MRK 926 also show the presence 
of a reflection component at the hard end of the spectrum. This 
can be expected in the framework of the unification scheme since 
a similar obscuring material having toroidal geometry is present 
but the plane of the torus lies away from the line-of-sight and 
thus the reflection component is much fainter in compared to 
the direct transmitted component. Moreover, at the hard end of 
the spectrum (E > 8.0 keV) the reflection component may have 
significant contribution. 



4.1.4. Fe Ka and other emission lines 

We detected fluorescent Fe Ka emission line at ~ 6.4 keV in all 
(except NGC 2639) of our sample sources suggesting the ubiq- 
uitous presence of Fe Ka line in the X-ray spectra of Seyfert 
galaxies. In most of the sources the centroid energy of Fe Ka 
emission line is consistent with the emission from neutral or 
mildly ionized iron. In some sources, e.g., MRK 766, MRK 231, 
ARK 564, MRK 533 and NGC 7682, an emission line at ~ 6.7 
- 7.1 keV is also present, which is possibly either H or He like 
ionized Fe Ka line component or a neutral component of Fe K/j 
emission line. When the absorbing column density increases to 
a few times of lO^-* cm"-, the equivalent width of Fe Ka in- 
creases, since it is measured against a depressed continuum. The 
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equivalent width can be higher than 1 .0 keV for column densi- 
ties of Nh > 10^^ cm"^, and such values are indeed observed 
in hea vily absorbed and Compton-thick sources (Maiolino et al. 
119981) . Figure 3 shows the distributions of EWs of Fe Ka line 
for the two subtypes of Seyferts of our sample. Seyfert type Is 
have EWs ~ 20 - 250 eV while for type 2s (except MRK 348) it 
ranges from ~ 0.5 keV to ~ 2.0 keV. High EWs of Fe Ka line in 
type 2s suggests high obscuration compared to type Is. 

Apart from the ubiquitous Fe Ka emission line we also no- 
tice the presence of other emission lines in some of our sample 
sources, mainly in the soft X-ray band. The addition of Gaussian 
emission line at ~ 0.88 keV in NGC 4151 and NGC 7212 im- 
proves the fit and is likely t o be associated with O VIII radia- 
tive recombination continua ririffiths etal.lll998h . High resolu- 
tion spectroscopic observations show that the soft X-ray emis- 
sion in NGC 4151 is dominated by X-ray emission lines and ra- 
diative recombination continua (RRC) from hydrogen-like and 
heliu m-like ionization sta tes of neon, oxygen, nitrogen and car- 
bon (ISchurchetalJl2004 . Also, in MRK 766 the addition of 
Gaussian emission feature at ~ 0.5 keV improves the fit and may 
arise due to the blending of few narrow emission lines. 

5. Comparison of the X-ray spectral properties of 
the two Seyfert subtypes 

In this section we discuss the statistical comparison of the dis- 
tributions of X-ray luminosities and spectral properties of the 
two subtypes of Seyferts in the framework of Seyfert unification 
scheme. 

5.1. Soft (0.5 - 2.0 keV) and hard (2.0 - 10.0 keV) band X-ray 
luminosities 

Table 5 lists the fluxes, luminosities in the soft (0.5 - 2.0 keV) as 
well as hard (2.0 - 10.0 keV) X-ray bands and the flux ratios of 
the hard X-ray to [OIII] /15007A line emission. Figure 2 shows 
the X-ray luminosity distributions for the two Seyfert subtypes 
in the soft (0.5 - 2.0 keV) as wefl as hard (2.0 - 10.0 keV) X-ray 
bands. The observed soft X-ray luminosities for Seyfert type Is 
in our sample range from ~ 10"^" erg s"' to ~ 10'*'' erg s"' with 
the median value ~ 6.58 x lO''^ erg s while for Seyfert type 
2s it range from ~ 10"^^ erg s"' to ~ 10"*^ erg s"' with the me- 
dian value ~ 6.9 x lO'"^ erg s"'. The two sample Kolmogorov - 
Smirnov test shows that the soft (0.5 - 2.0 keV) X-ray luminos- 
ity distributions of type 1 and type 2 Seyferts are completely 
different, i.e., null hypothesis that two distributions are same 
is rejected at 99% level of significance. Seyfert type 2s have 
systematically lower soft X-ray luminosities than type Is. The 
nearly 2 Dex difference in the medians of the soft X-ray lumi- 
nosities of two Seyfert subtypes can be explained as the presence 
of more line-of-sight obscuration in type 2s than that in type Is, 
which is expected since torus intercepts observer's line-of-sight 
according to the orientation based Seyfert unification. In hard 
X-ray (2.0 - 10.0 keV) band, Seyfert Is of our sample have lu- 
minosities ranging from ~ 10^*° erg s"' to ~ lO''^ erg s"' with the 
median value ~ 1.1 x lO''^ erg s"', while for Seyfert 2s it range 
from ~ 10'*° erg s"' to ~ lO''* erg s"' with the median value ~ 
6.8 X lO'" erg s The difference in the hard X-ray luminos- 
ity distributions of the two Seyfert subtypes is lower compared 
to the soft band and can be explained as hard X-ray (2.0 - 10.0 
keV) photons suffer less absorption. According to the unifica- 
tion model, at sufficiently high energy one can expect similar 
X-ray luminosities for the two Seyfert subtypes as the torus op- 



tical thickness decreases with the increase in photon energy and 
similar central engines are at work in both subtypes. The sub- 
stantial difference in the hard X-ray (2.0 - 10.0 keV) luminosity 
distributions of the two Seyfert subtypes can be understood as 
due to high absorption in type 2s. We have several heavily ob- 
scured (Compton-thick) type 2 sources in our sample in which 
X-ray continuum below 10.0 keV is completely suppressed and 
dominated by reprocessed components. 

5.2. Line-of-siglit obscuration 

The cold matter present in between observer and the AGN (con- 
sisting of the Galactic and the material at the redshift of AGN) 
preferentially absorbs soft X-ray from AGN. The photoelectric 
absorption component in the X-ray spectral modeling renders 
the amount of absorption along the line-of-sight in terms of the 
equivalent hydrogen column density, as long as direct transmit- 
ted component is seen. In general, we fit the X-ray continuum 
with a photoelectric absorbed power-law keeping column den- 
sity and power-law photon index as free parameters and also all 
the spectral components are at least absorbed by the Galactic 
equivalent hydrogen column density. Figure shows the distribu- 
tions of cumulative Nh for the two Seyfert subtypes. The esti- 
mated absorbing equivalent hydrogen column densities for our 
sample sources varies from as low as to Galactic value (Nh - 
10^" cm"^) to as high as to the Compton-thick value (Nh > 10^^ 
cm"^). For type Is the equivalent Nh ranges from ~ 10^" cm"^ 
(Galactic value) to ~ 10^^ cm"^ with median value ~ 10^' cm"^, 
while for type 2s it ranges from ~ 10^^ cm"- to > lO^'* cm"^ with 
median value > lO""* cm"^. We have ~ 7/10 reflection dominated 
type 2 sources in which the 2.0 - 10.0 keV hard component is 
accounted by pure reflection component (PEXRAV model) and 
therefore we do have only upper limit of Nh values (> 1.5 x 
10^*) in such cases. Seyfert type 2s have systematically higher 
absorbing column densities than types Is and the distributions 
of the absorbing column densities (Nh) are consistent with the 
orientation based unification scheme. In our small sample we do 
not find any unobscured type 2 Seyfert, although some previ- 
ous studies rep orted the presence of 10% - 30% of unobscured 
type 2 Seyferts (iPanessa & Bassariill2002l) . While comparing the 
amount of obscuration for the two Seyfert subtypes we consider 
only cold absorption accounted by the photoelectric absorption 
component. In several sources we require partial covering of pri- 
mary AGN radiation. The best fit values of covering fraction and 
absorbing equivalent hydrogen column density are mentioned in 
table 3. In four Seyfert type Is, i.e., MRK 1218, NGC 4151, 
MRK 766 and NGC 7469, warm absorption characterized by 
the ABSORI model (ionized absorber) is needed for the best fit. 
While using the ABSORI model we fixed the photon index of the 
power-law of the absori component equal to the photon index of 
the primary power-law component and the temperature was fixed 
to 3x10^* K. The best fit parameter values for Nh and ionization 
parameters (^) are mentioned in table 4. The ionization parame- 
ter indicates the ionization state of absorbing material and is de- 
fined as ^ = where L is the source luminosity (in ~I3.6 eV - 
13.6 keV), n is the absorbing gas densit y and r is the distance 
of abs orber from the ionizing source (see: I Osterbrock & Ferlandl 
(l2006h V The estimated ionization parameter reveals low ioniz- 
ing material in MRK 1218, NGC 4151 and MRK 766, however, 
in NGC 7 469, the ionization le vel is high. Using XMM-Newton 
RGS data. lBlustinet al.l (l2007l) reported that NGC 7469 shows 
the evidence of ionized outflowing material with a wide range of 
ionization (log ^ ~ 0.5 - 3.5). 
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Table 2. The best fit spectral parameters 



Source 


Model 




Soft X-ray Continuum 


Hard X-ray Continuum 




Emission Lines 


y-'/doi 






Nh 




kT 


N^ hard 




Ecrcsl 


Ilinc 


EW 








(10^° cm-^) 




(keV) 


(10-2 cm--) 




(keV) 




(eV) 




MCG+8-11-11 


pha(PL+R+L) 


18.30-1 








1.84+°"^ 


6.44+°"' 


4.95 


97.9+1'" 
63.9++°-5 

-52.4 


0.99 


MRK 1218 


pha(abs*PL+L) 


15.20+1,30 

-13.00 








1 48+°-'' 


6.32+III 

-0.49 


0.19 


0.99 


NGC 2639 


pha(T+PL) 


16.20+1^^° 

^ -15.60 




63+° '^ 




2.21+113 

-1.02 








0.82 


NGC 4151 


pha(T+PL+pha*abs*pcf*PL+R+L+L) 




3 U+o ^s 

-0.06 


13+°°' 


0.12+°°^ 

-0.03 


^ 72+0.06 

-0.03 


6 39+° °' 

"■-^^-0.01 


14.43 


108.4+" 


1.12 






0.88!°;!J1 


1.12 






MRK 766 


pha(T+abs*pcf*PL+R+L+L+L) 


1.35^ 




0.20+°°! 

-0.01 




2 J7+0.10 

-0.08 


6.44+o»3 

-0.03 


0.50 


47.9+|3-^ 


1.09 












6.67+°°^ 

-0.07 

0.48+°°; 

-0.01 


0.22 
5.38 


19.3+[2:^ 
137.3+^^-^ 




MRK 231 


pha(T+T+pcf*pha*PL+L+L) 


1.25' 




0.33+°?t 

-0.03 


0.46+°!^ 

-0.16 


J 57+0.14 

-0.30 


6.28!°;|3 


0.16 


215.0+!23! 

-128.1 


1.04 










0.99+°!l 
0.97+™ 

-0.04 


6.66+°?^ 

-0.20 


0.15 


243.5+!«J-^ 
20.9+,'!^' 




ARK 564 


pha(T+PL+pcf*PL+L+L) 


6.38' 


3.42+°!3 

-0.12 




2.32+°°^ 

-0.10 


6.33+°°5 
6.71+°™ 

-0.03 


0.29 


1.09 














0.41 


32.3+!l-^ 

— 1 1 .3 




NGC 7469 


pha(T+abs*pcf*PL+L) 


4.96' 




0.18+°°! 

-0.01 




2.04+°°2 

-0.02 


6.41+00' 

-0.02 


2.03 


64 2+''-5 

"^■^-9.5 


1.09 


MRK 926 


pha(pcf*PL+R+L) 


3.59' 








1.98+° °3 

^"-0.02 


6.33+° °« 

-0.Q6 


1.24 


29.1+"-3 

-23.8 


0.96 


MRK 530 


pha(T+pcf*PL+L) 


4.06' 




0.20+°°2 

-0.02 




2.28+°03 

-0.0! 


6 40+° °^ 
6.40+° «t 

-0.04 


1.49 


47.2+[^ 


1.09 


MRK 348 


pha(PL+pha*pcf*PL+L) 


5.91' 


2.75+°" 

9 cc+o:30 


6.86+? 

""-1.01 


1.70+°°! 

-0.06 


1.59 


34.2+!°» 

-10.4 


1.05 


MRK 1 


pha(T+PL+R+L) 


5.31' 


82+° ?» 

"■"^-0.10 


>150 


2.0'R 


6 77+° °'* 


0.01 


1740 7+1299.4 
-857,5, 


0.99 


NGC 2273 


pha(PL+R+L) 


7 7^+36.20 
'■ '-"-7.70 


9 7Q+I.87 
^- ' ^^-0.82 




>150 


67+°-3'R 


6 40+° °3 

"■^"-0.02 


2.74 




0.97 


MRK 78 


nha^PT +R+T "1 




7 05+' 




>150 


l.Ol^gR 


6 ^7+005 

"■-"-0.09 


0.56 


673 0+i°l-t 

"'-^■"-389.2 




NGC 51358 


pha(T+T+pha*PL+L) 


4.58' 




0.08 


>150 


1.5 


6.40 


0.52 


1700.0+™° 

-bOO.O 












0.39 






1.78 






MRK 477' 


pha(pha*PL+L) 


1.30' 






24.0+1^-° 


1.9' 


6 40+° ?; 

" "-0.23 




560.0+«°° 


0.35 


NGC 5929' 


pha(PL+pha*PL+L) 


51.60 


1.7 




27.7 


1.7 


6.40 




350.0 




NGC 7212 


pha(PL+R+L+L) 


5.41' 


9 19+0.23 
-0.20 




>150 


0.99!°;^:)R 


542+0.04 
89+^-'''' 

"■"'^-0.04 


0.74 


719 O+256.0 
-U3.4 

59.6+«l 
557 2+--*'' -2 


1.15 












0.04 




MRK 533 


pha(T+PL+R+L+L) 


5.16' 




76+° '3 

'"-0.10 


>150 


2.12!°-«R 


6 40+° °-* 


0.55 


0.97 






34.88!^^]^ 




7 04+° 06 
' -"^-0.04 


0.53 


665.6+3g:? 




NGC 7682 


pha(T+R+L+L) 


5.36^^ 




>150 


1.77!°:^?R 


6 43+°"* 


0.20 


477 5+3'" 


0.81 










7 1 1 +0.39 
'■^^-0.09 


0.13 


457 6+''*°-3 

^-"■"-402.9 





f: fixed; s: soft component; pha: photoelectric absorption; PL: power-law; L: Emission line fitted with a Gaussian; T: Thermal emission from hot gas (HEKAL model in XSPEC); abs: Ionized 

absorber (ABSORI m o del in XSPEC); R: Refl ect ion from cold neutral ma terial (PEXRAV model in XSPEC); pcf: partial covering. 
g: lGuainazzi et all ( l2005al) ; l: lLevenson et al.l ( 120011) ; ci lCardamone et aO ( 120071) ; emission line fluxes (lune) are in units of 10-'3 ergs cm^^ s"'. 
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Table 3. Summary of partial covering model parameters 



Source 
Name 



NGC4151 
MRK 766 
MRK 231 
ARK 564 
NGC 7469 
MRK 926 
MRK 530 
MRK 348 



Nh 
(10-- cm'-) 
9 06+'-^' 
6.42+"" 

«.:S5_4g4 

3 09+0 52 

35 55+''-* 

4 3«;+2.86 

14.81!^-« 



Covering 
fraction (/) 



59+D15T- 

"■"^-0.05 

51+° °^ 

"•'^-0.25 

61 +" 2'^ 
0.27+«;P 



Table 4. Summary of ionized absorber parameters 



Source 


Nh 


Ionization 


Name 


(10^2 cm-2) 


parameter (^) 


MRK 1218 
NGC 4151 
MRK 766 
NGC 7469 


"■"•'-0.32 

5.08+, ,Q 

"■^^-0.02 

1 06+"''^ 


39 eo"'*' 

-"■""-38.37 

■-^ -0.28 

"■"^-1.67 
1 1 1 q+692.30 
^■^^ -23? f,3 



Table 6. Medians and Kolmogorov - Smirnov two sample tests 
for the statistical comparison of various distributions of the two 
Seyfert subtypes 



Distribution 


Median 


D 


p-value 






Type Is 


Type 2s 








log Lo.5-2.0 kcV 


42.82 


40.84 


0.8 


2.06 X 10- 


-3 


log L2.O-IO.O kcV 


43.02 


41.83 


0.6 


5.25 X 10" 


-2 


logNH 


21.02 


> 24.18 


1.0 


9.08 X 10- 


-5 


log EW (eV) 


1.81 


2.79 


0.9 


9.30 X 10- 


-4 


log Rx 


0.96 


-0.66 


0.7 


1.48 X 10- 


_2 



Kolmogorov - Smirnov two sample test examines the hypothesis that 
two samples comes from same distribution. D = Sup x |Sl(x) - S2(x)| 
is the maximum difference between the cumulative distributions of two 
samples Sl(x) and S2(x), respectively, p-value is the probability that 
the null hypothesis, i.e., two samples comes from same distribution, is 
correct. Rv 



Flux(2.0 - 10.0 keV) 



Fliix[OIII] 



The presence of warm absorber in NGC 4151 and MRK 766 
has also been repo rted in previous studies dSchurch et al.ll20()4t 
iMason et~al l l2003h . 



5.3. Equivalent width of Fe Ka line 

We detect fluorescent Fe Ka emission line in all but one (NGC 
2639) of our sample sources suggesting the ubiquitous presence 
of Fe Ka line in the X-ray spectra of Seyfert galaxies. In NGC 
2639, due to lack of enough counts above 2.0 keV we could 
not confirm the presence of Fe Ka emi ssion line. Howe v er, us- 
ing ASCA observations of NGC 2639, iTerashima etaP (l2002l) 
reported the presence of Fe Ka line with EW ~ 1.5 - 3.0 keV. 
We estimate the EW of Fe Ka line with respect to the mod- 
eled continuum and find that Seyfert type 2s have systematically 
larger EWs (~ 350 eV to 2.2 keV, except of MRK 348), with 
median value ~ 600 eV than that of type Is (~ 20 - 200 eV) 
with median value ~ 64.0 eV. Kolmogorov - Smirnov two sam- 
ple test shows that the distributions of EWs of Fe Ka line of 
the two Seyfert subtypes are completely different (c/., table 6). 
Heavily obscured, i.e., Compton-thick sources are characterized 
by lar ge EW of Fe Ka line (Krolik et al. 1994; Levenson e t aP 
I2OO6I) and therefore we use the large EW (~ 1.0 keV) of Fe 
Ka line as an indicator of heavy obscuration as it is measured 



against much depressed c ontinuum (Nh ~ lO^'' - lO'** cm ^; 
iLeahv & Creig hton'('l993')) or against pure reflection component 
(Nh ~ lO^"* - 10-^ Bassani et al.'(1999)). However, identifying a 
source as the Compton-thick only on the basis of large EW of Fe 
Ka line may not be correct, si nce a large EW can aris e if the ion- 
izing radiation is anisotropic (iGhisellini et al.|[r991h . or if there 
is a lag between a drop in the continuu m and l ine emissions, as 
observed in NGC 2992 bv 1 Weaver et al] (119961) . 



5.4. Flux ratio of hard X-ray to [Olll] A5007A 

In order to confirm the high obscuration in Seyfert type 2s than 
in type Is we use the flux ratio of hard (2.0 - 10.0 keV) X- 
ray to [OIII] /t5007 A and the eq u ivalen t width of Fe Ka line 
as diagnostic tools. iBassani et al.l (Il999h reported that the flux 
ratio of hard X-ray to [OIII] /15007A can effectively be used in 
identifying Compton-thin and Compton-thick sources with lat- 
ter having flux ratio < 1 . The flux ratio of hard X-ray to [OIII] 
/15007A can be used as an indicator of the amount of obscuration 
since [OIII] originates from the NLR region largely unaffected 
by the torus obscuration and can be considered as the proxy of 
the intrinsic AGN power since it is produced by photoioniza- 
tion of NLR clotids by the AGN continuum ( lYee etalj|1981l: 
iNelson & Whittlelll995h . While estimating the flux ratio of hard 
X-ray to [OIII] /i5007A, the latter ones are corrected for the op- 
tical reddening whenever Balmer decrement value was available 
for a source in literature. We have Balmer decrement (Hq,/H^) 
values and hence, optical reddening corrected [OIII] fluxes for 
only 16 (6 type Is and 10 type 2s) sources of ou r sample. For 
reddening correction we use the formula given in lBassani et al.l 
i.e., F[oiii],cor = F[oiii],obs[(H„/H^)/(H„/H^S)o]2"4, where 
intrinsic Balmer decrement (Hq./H^)o is assumed 3.0, and only 
narrow components of Ha, H^ are considered. 

The statistical comparison of the distributions of the flux 
ratios of hard X-ray (2.0 - 10.0 keV) to [OIII] for the two 
Seyfert subtypes again confirms the systematically higher ob- 
scuration is type 2s than type Is (c/., table 6, figure 3). Also, 
using this flux ratio as an indicator we note that MRK 1, MRK 
78, NGC 5135, MRK 477, NGC 7212, MRK 533 and NGC 
7682 have Compton-thick obscuration. X-ray spectral proper- 
ties, e.g., reflection dominated hard X-ray component, low hard 
X-ray to [OIII] flux ratio and high EW of Fe Ka line im- 
plies that ~ 7 - 8 out of 10 type 2 sources of our sample are 
Compton-thick (Nh > 1 .5 x 10^^ cm~^). So me of our sample 
sourc es, e.g., MRK 477 feassani et al.llT999l). NGC 5135. N GC 



7212 (iLevenson et al.ll2006h. NG C 2273 (lAwaki et al.ll2009h and 
MRK 533 (iBianchi et al.ll2005ah have already been reported as 
Compton-thick. In our sample we have only one Seyfert subtype 

1.8 (MRK 1218) and one subtype 1.9 (NGC 2639) which are 
included into type Is and thus even if we include subtypes 1.8, 

1 .9 into type 2s, the relative fraction of Compton-thick sources 
remains high ~ 60% (7-8 source out of 12 type 2s). 

6. Conclusions 

We investigated the 0.5 - 10 keV X-ray spectral properties of a 
sample of 20 Seyfert galaxies in which the two Seyfert subtypes 
have matched distributions in orientation independent parame- 
ters, we summarize the conclusions of our study as below. 

- X-ray spectra of our sample Seyfert galaxies, in general, are 
best fitted with a model consists of : a power-law with a pho- 
toelectric cutoff due to the cold absorption from the Galactic 
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X-ray spectral fit for MGC+8-1 1-1 1 



X-ray spectral fftfor MRK 1218 
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Energy (keV) 
X-ray spectral fit for NCG 2639 



Energy (keV) 
X-ray spectral fit for NGC 4151 




Energy (keV) 
X-ray spectral fit for IVIRK 766 



Energy (keV) 
X-ray spectral fit for IVIRK 231 
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X-ray spectral fit for ARK 564 



Energy (keV) 
X-ray spectral fit for NGC 7469 
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Fig.l. XMM-Newton pn 0.5 - 10.0 IceV spectral fits for MCG+8-1 1-1 1, MRK 1218, NGC 2639, NGC 4151, MRK 766, MRK 
S31, ARK 564 and NGC 7469. For each source, top panel shows the cumulative fit (solid curve) along with all the additive spectral 
components (shown in dotted curves) against the spectral data points and bottom panel shows the residuals. 
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Fig. 1. continued - spectral fits for MRK 926, MRK 530, MRK 348, MRK 1, NGC 2273, MRK 78, NGC 7212 and MRK 533. 
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X-ray spectral fit tor NGC 7682 
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Fig. 1. continued - spectral fit for NGC 7682 



Table 5. The observed X-ray fluxes and luminosities in the soft (0.5 
keV) bands and the flux ratios of hard X-ray to [Olll]. 



2.0 keV) and hard (2.0 - 10.0 



Name 


Fo.5-2.0 keV 


log Lo.5-2.0 kcV 


F2.O-IO kcV 


log L2.O-IO keV 


pobs 
^ lOIIll 


Ref. 




Ref. 


pcor 
^ lOIIll 


logRx 


MCG+8-11-11 


161.18 


43.35 


441.97 


43.79 


6.43 


1 


4.37 


7 


19.43 


1.36 


MRK 1218 


4.86 


41.96 


25.35 


42.68 


1.70 


2 


3.26 


8 


2.17 


1.07 


NGC 2639 


1.26 


40.52 


0.75 


40.29 


1.07 


3 


4.16 


9 


2.79 


-0.57 


NGC 4151 


29.49 


40.75 


828.83 


42.20 


116.00 


4 


3.1 


7 


127.74 


0.81 


MRK 766 


33.99 


42.10 


72.66 


42.43 


3.95 


1 


5.1 


7 


18.79 


0.59 


MRK 231 


0.99 


41.60 


6.06 


42.38 


2.30 


2 








0.42 


ARK 564 


364.22 


43.67 


162.25 


43.31 


1.90 


4 








1.93 


NGC 7469 


213.27 


43.08 


293.41 


43.21 


5.80 


4 


9.33 


7 


162.98 


0.26 


MRK 926 


171.95 


43.94 


299.05 


44.18 


3.50 


4 








1.93 


MRK 530 


166.48 


43.52 


182.74 


43.56 


0.48 


4 








2.58 


MRK 348 


1.17 


40.76 


269.39 


43.12 


4.12 


1 


6.02 


7 


31.93 


0.93 


MRK 1 


0.98 


40.74 


0.81 


40.66 


6.00 


4 


5.89 


7 


43.61 


-1.73 


NGC 2273 


0.53 


39.62 


10.02 


40.89 


1.60 


5 


6.92 


7 


18.68 


-0.27 


MRK 78 


0.79 


41.39 


5.52 


42.23 


6.60 


4 


6.46 


7 


62.93 


-1.06 


NGC5135» 


1.90 


40.91 


1.60 


40.83 


3.70 


6 


7.8 


9 


61.66 


-1.59 


MRK 477' 


1.20 


41.59 


12.0 


42.59 


15.00 


4 


5.4 


7 


84.45 


-0.85 


NGC 5929'-- 


0.81 


40.15 


>14.0 


>41.39 


0.93 


4 


5.5 


7 


5.53 


>0.40 


NGC 7212 


0.83 


41.13 


6.96 


42.05 


8.75 


1 


5.01 


7 


39.52 


-0.75 


MRK 533 


1.42 


41.42 


6.08 


42.06 


5.21 


1 


5.0 


7 


23.39 


-0.59 


NGC 7682 


0.27 


40.22 


2.62 


41.22 


2.30 


4 


4.8 


7 


9.16 


-0.54 



Notes: [Olll] and X-ray fluxes are in unit of 10 
1: iLevenson et al ] (1200 Ih: c: ICardamone et alj 
(I1988I). 3: iPanessa et al.N2006l). 4: IWhittle 



_ 11992h 5: 

iMulchaev et alj jl994^ ■ 8: lDahari & De RobertisI jigSSh . 9 



erg cm 
i200' 



Rx 



Fliix(2.0-in.O keV) 



I FlMxIOIIIJ ^ 

Ref. . 1 : ISchmitt et al.i (iiOOt ). 2: iDahari 
FerruitetalJ l l200(]f) , 6: iPolletta et 
119991) . 



gi lGuainazzi et al . (2005a) 



Bassani et alj 



& De RobertisI 
alj i ll996l) . 7: 



column density and neutral gas at the redshift of the AGN; a 
narrow Gaussian fitted to the Fe Ka fluorescent emission line 
at 6.4 keV; often seen soft excess component characterized 
by either a steep power-law and/or a thermal plasma model 
with temperature kT ~ 0.1 - 1.0 keV. 

- In several of the heavily obscured type 2 sources. X-ray spec- 
tra are completely dominated by reflection component and 
the hard part of spectra can be characterized with the PEXRAV 
model and a prominent Fe Ka line. 

- Seyfert type Is have systematically higher observed soft X- 
ray luminosities than type 2s, as would be expected in the 
unification scheme with the hypothesis that in type 2s ob- 
scuring torus intercepts the AGN view and therefore absorbs 
the soft X-ray photons emanating from the AGN. The distri- 
butions of the observed hard (2.0 - 10 keV) X-ray luminosi- 
ties of the two subtypes differ much less significantly, con- 
sistent with the prediction of unification, as optical thickness 



of obscuring material decreases with the increase in X-ray 
photons energy. 

- The X-ray absorbing column density for Seyfert type Is in 
our sample ranges from ~ 10"" cm"^ (Galactic value) to 
~ 10~~ cm"^ with median value ~ 10^' cm"^, while for 
type 2s it ranges from ~ 10^^ cm"^ to Compton-thick lim- 
iting value > lO^'* cm"- with median value > 10^"* cm"-. 
The distribution of X-ray absorbing column densities (Nh) 
for Seyfert galaxies of our sample is broadly consis - 
tent with the previous studies (e .^., ICappi et aH (l2006l) : 
lAkvlas & GeorgantopoulosI (120091) '). 

- Fe Ka fluorescent emission line has been detected in all (ex- 
cept one) of our sample sources suggesting the ubiquitous 
presence of Fe Ka line in the X-ray spectra of Seyfert galax- 
ies. The centroid energy ~ 6.4 keV of the line is consistent 
with the emission from neutral or mildly ionized iron. The 
equivalent width of Fe Ka fine in type 2s ranges ~ 350 eV 
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Fig. 2. Distributions of the soft X-ray (0.5 - 2.0) and hard X-ray (2.0 - 10.0) luminosities for the two subtypes of Seyfert galaxies. 
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Fig. 3. Distributions of the equivalent hydrogen column density, the equivalent width of Fe Ka and the flux ratio of hard X-ray to 
[Olll] /15007A line for the two subtypes of Seyfert galaxies. 



to 2.2 keV and is systematically higher than that of Is (~ 20 

- 200 eV). 

- The statistical comparison of X-ray spectral properties, i.e., 
the X-ray absorbing column densities, the hard X-ray spec- 
tral shape (absorbed power-law versus reflection dominated), 
the EWs of Fe Ka line, the flux ratios of hard X-ray to [Olll] 
/t5007A, and the luminosity distributions in soft and hard X- 
ray bands for the two subtypes of Seyfert galaxies are consis- 
tent with the orientation and obscuration based Seyfert uni- 
fication scheme. 

- We have argued for the importance of sample selection in 
testing the Seyfert unification scheme. And, using a sample 
based on the properties independent to the orientation of the 
obscuring torus, AGN and host galaxy, we show that the 0.5 

- 10 keV X-ray spectral properties are consistent with the 
unification scheme. 

- We also note a high fraction ~ 70% of heavily absorbed 
likely to be Compton-thick sources among the type 2 Seyfert 
population. This high frac tion is in agreement with the pre- 
vious study reported by iRisaliti et al.l (1 19991) based on a 
[OIII] /15007A luminosity selected sample of Seyfert 2s 
and implies that an unbiased sample is essential to esti- 
mate the accurate relative fraction of the heavily absorbed, 
i.e., Compton-thick AGNs. Also, the heavily obscured 
AGNs may in part responsible for to account missing sources 
contribut ing to the Cos mic X-ray background dWorslev et al.l 
12005 : Gi lli et al.ll200"7h . 
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Appendix A: Notes on individual sources 

In this section we describe the X-ray spectral properties of indi- 
vidual sources of our sample and the comparison of their X-ray 
spectral properties with the previous studies. 



MCG+8-11-11 

MCG+8-1 1-1 1 has been observed by all the major X-ray satel- 
lites, with the exceptio n of Chandra. The ASCA (jOrandi et al] 
Il998h and BeppoSAX ( iPerola et alj l2000h data were well fit- 
ted by a fairly standard model composed of a power-law, a 
war m absorber, a Compton reflection component, and an Fe Ka 
line. iMatt et al.l (|2006|) fitted the XMM-Newton EPIC pn spec- 
trum with a model composed of an absorbed power-law (Nh 
^ 1.83+° °^ X lO^i cm-2, F ^ 1.805+0.015), a Compton reflec- 
tion component (with the inclination angle kept fixed to 30°), 
a Gaussian Fe Ka line (EW ~ 75+15 eV), warm absorption 
(NH,warin - 1- 1^0 06 ^ cm"^) with the temperature of the 
material fixed at 10^ K and an absorption edge at 0.74 keV, cor- 
responding to He-like oxyg en. Our be s t fit sp ectral parameters 
are broadly consistent with iJVlatt et aP (l2006h . although we get 
a good fit without using warm absorption. We also confirm the 
absence of a soft excess in this source using the XMM-Newton 
EPIC pn data. 
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MRK 1218 

MRK 1218 does not have Chandra and ASCA observations but 
has been detected by RoSAT. We present the XMM-Newton 
spectrum of MRK 1218 for the first time. We find that an ab 
sorbed power-law (Nh ^ l-52+°-43 x lO"' cm^^, r 
with warm absorption (NH,warm - "■"-'_0 32 
plasma temperature fixed at 3 x 10"* K and an Fe Ka line of EW 
- 63.9 eV gives the best fit. 

NGC 2639 



1.48t[|), 



warm - 0.63!°^^ X 10^2 cm^^) having 



iTerashima etaH (l2002h fitted the ASCA spectrum of NGC 2639 
by a partially covered power-law (with Nh,i ~ 0.08 (< 0.32) x 
10^2 cm"2 ^ Nu.2 ~ 32;^3Q^ x lO^^ cm"^^ covering fraction ~ 

0.89!|| ||^, r ~ 2.8+^° and ;i^2/dof:^ 45.8/49). They also attempted 
a model consisting of an absorbed power-law plus a Raymond- 
Smith (Raymond & Smith 1977) thermal plasma modified by 
the Galactic ab s orptio n. The best fit parameters reported by 
ITerashima et al.l (l2002h using this model are Nh,i - 0.027 x 
10^- cm.-^ (fixed), kT ^ 0.80![J-2^, abundances fixed to 0.5 of 
solar, Nh,2 ~ 0.0 (< 0.31) x lO^^ cm^^, r ^ 1.92+° ™ and x'/dof 

- 45.6/49. The reported equivalent widths of Fe Ka for these two 
models are 1.49+[27' keV and 3.13+^^^ keV, respectively. We 
present XMM-Newton X-ray spectrum of NGC 2639 first time 
and find that the best fit consists of an absorbed power-law (Nh 

- 1.62+[-^^ X lO^i cm-2, F ^ 2.21+] (^^) plus a soft component 
modeled with a thermal plasma (MEKAL in XSPEC) of tempera- 
ture kT ^ 0.63+°^2 We do not detect Fe Ka line in the XMM- 
Newton pn spectrum probably due to lack of sufficient counts 
above 2.0 keV. 



NGC 4151 

NGC 4151 is one of the most extensively studied Seyfert 
galaxies in nearly all wavelengths. The ASCA and BeppoSAX 
X-ray spectra were fitted with a flat absorbed power-law (F 
^ 1.65), a contribution from a cold reflector and a two- 
component absorber, an intrinsic neutral component with Nh 
^ 3.4 X 10^2 cm ^ and a highly ionized ab s orber with Nh - 
2.4 X 10^3 cnr^ dschurch & Warwick l200l |piro"etal]|2005l) . 
lYang et aP (1200 ih reported the Chandra ACIS observation of 
NGC 4151 with notable extended soft X-ray emission on a scale 
of several hundred parsecs and a spatially unresolved hard X-ray 
(> 2.0 keV) component. The spectrum of the unresolved nuclear 
source is described by a heavily absorbed (Nh ~ lO^^ cm"^)^ 
hard power-law (F ^ 0.3) plus soft emission from either a power- 
law (F ^ 2.6) or a thermal (kT ^ 0.6 keV) component. We fitted 
the XMM-Newton pn spectrum with a model consisting of a soft 
component characterized with a power-law plus thermal plasma 
model with a temperature of kT ^ 0. 13 keV and an emission line 
at 0.88 keV; a hard component characterized with an absorbed 
power-law (Nh - 1.8 x 10^' cm^^ F ^ 1.75!°°^), with warm 
absorption (Nh - 5.2+[ 2q x 10^^ cm"^) and partial covering (Nh 



^ 9.06^_ljl X 10^2 cm-2, covering fraction/ ^ 0.69!|^|^^) plus a 
reflection component and an Fe Ka emission line at 6.4 keV. The 
Fe Ka line is fitted with a narrow Gaussian component with an 



EW ^ 108.4+^-^ eV. 



MRK 766 



RoSAT and ASCA observations showed that the X-ray spec- 
trum of MRK 766 can be described by a power-law of index 



~ 1.6 - 2.0 (increasing strongly with flux), a reflection com- 
ponent and a narrow Fe Ka emission line (EW ~ 100 eV) 
(Leighly et al. 199Q). Later observations with BeppoSAX found 
a steeper power- law (F ^ 2.2) and evidence for an absorption 
edge at 7.4 keV (iMatt et al.ll2000bh . Using XMM-Newton obser- 
vations |MilIeretjn^200^reported the variations in the flux of 
Fe Ka line on short time scales (5 - 20 ks) and its strong corre- 
lation with the continuum emission. We fitted the XMM-Newton 
pn X-ray spectrum of MRK 766 with a less absorbed fairly steep 
power-law (F ^ 2.17+Q Qg, Nh fixed to Galactic value) with par- 



tial covering (Nh - 6.42+[J-^^ x 10 cm , covering fraction/ 

), 



51+""- 

^ -0.03 



) and warm absorption (Nh - 2.I+Q2I x 10" cm 



-2 



a reflection component at the hard end, a soft component fit- 
ted with a thermal plasma model of temperature kT ~ 0.2 keV 
and narrow Gaussian emission lines at 0.48 keV, 6.44 keV and 
6.67 keV. The Fe Ka emission may have broad component but 
we get a better fit with a narrow emission line with centroid en- 
ergy at 6.44 keV and a second narrow line at 6.67 keV. The latter 
line could be Fe Ka from highly ionized (Fe XXV) material or 
a Kfl line from neutral matter. 



MRK 231 

X-ray observations by ROSAT, ASCA (Turner 1999; Iwasawa 
1999; Maloney & Reynolds 2000) and more recently Chandra 
(iGallagher et alJl2002l: IPtak et al.ll2003h . have revealed the pres- 
ence of extended soft X-ray emission of thermal origin that is 
likely to be associated with the circumnuclear starburst, and a 
hard and flat (F ^ 0.7) power-law component as well as an Fe 
Ka emission line with EW ~ 300 eV (the line was detected by 
ASCA but not by Chandra). From co mbined XMM-Newt on and 
BeppoSAX observations of MRK 23 1 , iBraito et al.l (|2004 found 
a highly absorbed (Nh ~ 2 x lO^"* cm"^) aGN component. We 
obtain the best fit with an absorbed power-law (Nh - 4.6+[ g x 



lO^i cm-2, F : 



1 C7+0.I4' 
^■-"-0.30 



) accompanied by a partial covering (Nh 



^ 8.35!4°2 X 10^2 cm-2, covering fraction/:^ 0.74^_°q°1), a soft 
component fitted with two thermal plasma models with temper- 
atures kT ^ 0.33 keV and 0.99 keV, and narrow emission lines at 
6.28 keV and 6.66 keV. The soft X-ray comp onent may have sig - 
nificant contribution from starburst activity (iBraito et al.ll2004t) . 



ARK 564 



IVignali et al.l(l2004h analyzed two sets of XMM-Newton observa- 
tions of ARK 564 taken a year apart (2000 June and 2001 June) 
and fitted the 0.6 - 10.0 keV continuum by a soft blackbody com- 
ponent (kT ^ 140 - 150 eV), a steep power-law (F ^ 2.50-2.55) 
and an absorption edge at a rest-frame energy of ~ 0.73 keV, 
corresponding to O VII. No significant spectral changes were 
observed between the two observations, although the X-ray flux 
in the second observation is 40 - 50% lower. We obtain the best 
fit to the 0.6 - 10.0 keV XMM-Newton pn spectrum by a less ab- 
sorbed steep power-law (F ^ 2.32+^ "q, Nh fixed to the Galactic 
value) with partial covering (Nh - 3.O9+Q42 x IO22 cm"2^ cov- 
ering fraction/^ 0.61+Q2g), a soft component fitted with a steep 
power-law (F ^ 3.42+q [2), a thermal plasma model with tem- 
perature kT ^ 0.97 keV and narrow emission lines at 6.33 keV 
and 6.71 keV. While fitting we excluded the 0.5 - 0.6 keV part 
of the spectrum since these data are of poor quality and make it 
difficult to obtain even a reasonably good fit. 
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NGC 7469 



10^2 cm 

ted with a power-law (F ^ 2.75;^y |^) and a narrow Gaussian fitted 
to Fe Ka line (EW 



^ covering fraction/^ 0.84^qq^), a soft component fit- 



iBlustin et al.l(l2003h fitted the 0.2 - 10.0 keV XMM-Newton EPIC 
pn spectrum with a combination of a Galactic absorbed power- 
law (F ^ 1 .75), two blackbody models and a narrow Fe Ka emis- 
sion line. They noted significant residuals at low energies for 
which they suggested an instrumental origin. We fitted the 0.5 - 
10.0 XMM-Newton pn spectrum with a less absorbed power-law 
(F ^ 2.04^°°^, Nh fixed to Galactic value), a partial covering 



"-0.02' 
;+9.93 



(Nh - 35.55;^J'77 x 10^- cm ^, covering fraction/ 



0.28!°:°^), 

a soft component fitted with a thermal plasma model of temper- 
ature kT ^ 0.18 keV and a narrow Gaussian fitted to the Fe Ko- 
line. Using ASCA observations, .Rev nolds (1997) had reported 
both narrow and broad component s to the Fe line, which was 
supported by De Rosa et al.l (l2002h using BeppoSAX data, and 
iNandra et al.l (Il997h suggested that it was relativistically broad- 
ened. We fit the Fe Ka line with a narrow Gaussian component, 
however, and the d ata do not need a bro ad component for a good 
fit, consistent with lBlustin et all (l2003h . 



MRK 926 



iBianchi et al] (|2004 fitted the combined 2.5 - 220 keV XMM- 
Newton and BeppoSAX spectrum with a baseline model consist- 
ing of a power-law (F ^ 1.72^° °^) with intrinsic absorption over 
and above Galactic, a reflection component and a Gaussian to 
reproduce the Fe Ka line (EW ^ 45^,^ eV). They also reported 
an upper limit to the Fe Ky? flux of the order of the Ka flux, 
and suggested the possibility of sig nificant contribution from an 
Fe XXVI line. lWeaver et al.l(l2001h reported strong line variabil- 
ity, both in centroid and in flux, between three ASCA observa- 
tions. We fitted the 0.5 - 10.0 keV XMM-Newton spectrum with 
an absorbed partially covered power-law (F ^ 1 .98^^ [ji^, Nh fixed 
to Galactic value, Npai-t,H - 4.35;^j gg x 10^^ cm"^, covering frac- 
tion/^ 0. 15^Q Qg), a reflection component and a narrow Gaussian 
to fit the Fe Ka line. Notably we do not see any soft excess in 
this Seyfert. 



MRK 530 

MRK 530 has not been observed by either Chandra or ASCA. 
We present XMM-Newton pn spectrum of MRK 530 for the first 
time. We fitted the 0.5 - 10.0 keV spectrum by an absorbed par- 
tially covered power-law (F ^ 2.28^qqj, Nh fixed to Galactic 
value, Npart.H - 14.81;^4^g x 10^~ cm"^, covering fraction/^ 
0.27^g^!^), a soft component modeled with thermal plasma at a 
temperature kT ^ 0.20 keV and a narrow Gaussian fitted to the 
Fe Ka line. 



34.2+[°-^) and obtained ^-'/dof ~ 1.05. 



MRK1 



iGuainazzi et al. I (I2005bh fitted the 0.5 - 10.0 keV XMM-Newton 
pn spectrum of MRK 1 with a highly absorbed power-law (Nh > 
110 x 10^^ cm"^, F ^ 2.41 ^q [ j) and a scattered component with 
partial covering factor fixed to 1, and obtained ;if^/dof ~ 36/32. 
They reported several emission lines including iron K shell lines 
in 0.5 - 2.0 keV band but no thermal component. In order to 
constrain the Fe Ka line they performed both global and local 
fits with centroid energy fixed at 6.4 keV, and found upper limits 
to the equivalent width of ~ 800 eV and ~ 2.0 keV respectively. 
Due to the relatively low counts in the data, we use C-statistics to 
fit the spectrum and find the best fit consists of a hard component 
(2.0 - 10.0 keV) completely dominated by reflection (F ^ 2.0), 
a soft component fitted with a power-law (F ^ 2.55^g ,g) and 
a thermal plasma model (kT ^ 0.82^Q Qg keV), and a Gaussian 
fitted to the Fe Ka line (EW ~ 1.25+^29 j^gy). The reflection 
dominated spectrum, high EW of the Fe line and the low ratio 
of hard X-ray to [OIII] flux suggest that MRK 1 is likely to be 
Compton-thick source. 



NGC 2273 



IGuainazzi et all (12005 al) attempted to fit the XMM-Newton spec- 
trum of NGC 2273 with a family of models in which hard X-ray 
component is accounted by an absorbed power-law but yield an 
unacceptable flat intrinsic spectral index (F ^ -0.2 - -0.5) and 
also a large EW (^ 2.0 - 3.6 keV) of the Fe Ka line with respect 
to the measured column density (Nh - 1.4 - 12.0 x 10^~ cm"^), 
and suggested that the spectrum i s dominated by Compto n re- 
flection. In the best fit reported bv IGuainazzi et al] (l2005al) . the 
soft X-ray spectrum is accounted by thermal emission model 
with temperature kT ^ 0.8±0.2 keV, hard X-ray fitted by reflec- 
tion model (Fhard - 1.5+0.4, Nh > 18.0 x 10-^ cm^^), and an 
Fe Ka line with EW ^ 2.2+°^ keV. We find the best fit in which 
hard component is completely accounted by reflection compo- 
nent (F ^ 0.67+Q 52 ' PEXRAV model), soft component is fitted 
with a power-law (F ^ 2.79;^Q g2) and a Gaussian line fitted to Fe 
Ka (EW ~ 2.18^Q 44 keV). Compton-thick nature of this source 
is evident from the reflection dominated spectrum, high EW of 
Fe Ka line and low flux ratio of hard X-ray to [OIII] . 



MRK 78 



MRK 348 

lAwaki et al.l (l2006l) fitted the XMM-Newton pn 0.2 - 10.0 keV 
spectrum of MRK 348 with an absorbed power-law (Nh - 
13.5+0.02 X 10^2 cmr^, F ^ 1.61 +0.02), a soft component 
fitted with a thermal plasma model with temperature kT ^ 
0.56+|}|;^ keV and an Fe Ka line (EW ~ 46.4+20 eV), and obtain 
X^/dof ~ 1.46. They fixed the metal abundance of the thermal 
plasma at 0. 1 times t he solar abundance, the characteristic value 
of a normal galaxy dTerashima et al.ll2002l) . We use the same 
XMM-Newton data and find the best fit to the 0.5 - 10.0 keV spec- 
trum consists of an absorbed power-law (Nh - 6.86;^j q| x 10^^ 
cm--, F ^ 1.70+l^ j;^) with partial covering (Nn.pan ^ 10.47+° J;f, x 



MRK 78 has not b een observed by Chandra or ASCA. 
iLevenson et"an (1200 ih fitted its RoSAT PSPC soft X-ray spec- 
trum with a thermal plasma (kT ^ 0.76 keV) model absorbed by 
the Galactic column density and reported extended soft X-ray 
emission indicative of a circumnuclear starburst. We present the 
XMM-Newton spectrum of MRK 78 for the first time. Our best 
fit has the hard component completely accounted by a reflection 
component (F ^ l.Ol^g^^, 'pexrav' model), the soft component 
fitted with a very steep power-law (F ^ 7.05;^j g4), and a Gaussian 
fitted to Fe Ka (EW ~ 0.67 keV). All the spectral components 
are absorbed by an equivalent hydrogen column density of Nh - 
6.54;^, g X 10"' cm"^. The predominance of the reflection com- 
ponent, high EW of the Fe Ka line and the ratio of hard X-ray 
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flux to [OIII] line flux ratio suggest that obscuration is nearly 
Compton-thick. 

NGC5135 

NGC 5135 has not been observed by XMM-Newton, and we use 

I 1 1 I 

the Chandra spectr al properties given inlGuainazzi et al. (2005a) 

for ou r study. Both lGuainazzi et all ( 12005 a ) and Levenson et al.i 

(l2004l) obtained substantially similar spectral fits consisting of 

thermal plus reflection model. The soft X-ray spectrum requires 

two thermal components with kT ^ 80 eV and kT ^ 390 eV plus 

an additional emission line with centroid energy ^ 1.78 keV. 

Above 2.0 keV the spectrum is Compton-reflection dominated, 

consistent with the AGN being obscured by a column density 

Nh > 9.0 X 10^^ cm"^ (for an intrinsic photon index of 1.5 and a 

reflection fraction < 0.5). The EW of Fe Ka fluorescent emission 

line against the reflection con tinuum is 1.7^p n keV. 

Using Chandra observations iLevenson et alT(l2004l) reported a 

circumnuclear starburst in NGC 5135 and could spatially isolate 

the AGN emission which is entirely obscured by column density 

of Nh > 10^"* cm"^, detectable in the Chandra bandpass only 

as a strongly reprocessed weak continuum represented by a flat 

power-law (F ^ 0) plus a prominent iron Kq, emission line with 

EW of ~ 2.4 keV. We confirm the Compton-thick obscuration in 

NGC 5135 using broad-band 0.5 - 50 keV Suzaku observations 

(Singh et al. 2010, in preparation). 



MRK477 

MRK 477 has not been observed by XMM-Newton or Chandra, 
and we therefore use the ASCA spectral properties given in 
( 2001 ) for our study. The best fit reported by 
(1200 Ih consists of an absorbed power-law (Nh 
F ^ 1 .9 fixed) and an unresolved Fe Ka 



the hard component completely accounted for by reflection (F 
0.99^!!^^), the soft component fitted with a power-law (F ^ 



Levenson et al. 



Levenson et al. 



2.4+[-^ X 10^3 cm-2. 



emission line of EW ~ 560;^5[Jjj eV. The addition of a thermal 
component kT ~ 0.9 keV to this model renders the reasonable 
sp ectral parameter values but did not statistically improve the 
fit. lHeckman et al.l(ll997l) pointed out that MRK 477 has a pow- 
erful circumnuclear starburst with the bolometric luminosity of 
~3xlO'''-10" Lq. This lumino s ity is c omparable to the AGN 
activity. However, lLevenson et al. I (l200l concluded that the soft 
X-ray spectrum is dominated by the AGN. 



NGC 5929 

NGC 5929 has not been observed by XMM-Newton or Chandra. 
ICardamone et al.1 (l2007h have modeled the 0.5 - 8.0 keV ASCA 
spectrum as a sum of three components: a weakly absorbed (Nh.i 
^ 5.16 X 10"' cm"^) power-law with photon index F ^ 1.70, a 
heavily absorbed power-law (Nh,2 - 2.77 x lO^"* cm"^) with the 
same photon index and a Gaussian Fe Ka line of EW of 0.35 
keV centered at 6.19 keV. We use the ASCA spectral properties 
of NGC 5929 for our study. 



NGC 7212 



iGuainazzi et al. ] (12005b') fitted the 0.5 - 10.0 keV XMM-Newton 
spectrum with a heavily absorbed power-law (Nh > 160 x 
10^^ cm"^, F ^ 1.5^Qg), two thermal plasma components with 
kT ^ 0.16 and 0.72 keV and an Fe Ka line and obtain ;t'-/dof 
~ 97.0/65. The Fe Ka line was fitted globally as well as lo- 
cally giving EWs ~ 900+5;j° eV and ~ 1100+200 eV, respec- 
tively. We fitted the 0.5 - 10.0 keV XMM-Newton spectrum with 



-0.37' 

2.32;^q |^), a narrow Gaussian fitted to the emission line feature 
at ~ 0.9 keV and another Gaussian fitted to the Fe Ka emission 
line at 6.4 keV giving EW ~ 0.71+°-25 keV. 



MRK 533 

MRX 533 has not been observed by Chandra or ASCA. 
ILevenson etall (1200 ll) fitted its ROSAT/PSPC soft X-ray spec- 
trum with a power-law (F ^ 2.0^" 3). We present the XMM- 
Newton pn spectrum of MRK 533 for the first time. We fit- 
ted the 0.5 - 10.0 keV spectrum with a model in which the 
soft component is fitted with a power-law (F ^ 3.75;^y^j) and 
thermal plasma emission with the temperature kT ^ 0.76^q [q, 
a hard component completely accounted for by reflection (F ^ 
2.12^Qgp PEXRAV model) and narrow Gaussians fitted to the Fe 
Ka line at 6.4 keV and the Fe K/j line at 7.04 keV, with EWs ~ 
0.56+°-^^ keV and ~ Q.6T_IH keV, respectively. Our X-ray spec- 
tral properties suggest the Compton-thick obscuration in MRK 
533. 



NGC 7682 

We present the XMM-Newton spectrum of NGC 7682 for the first 
time and find the best fit consists of a soft component fitted with 
a steep power-law (F ^ 5.36^H^), a hard component completely 



accounted for by reflection (F ^ 1 .77^^ gj, PEXRAV model), and 
narrow Gaussians fitted to Fe Ka line at 6.4 keV and Fe K^ line 
at 7.1 1 keV of EWs ~ 0.48+°;^[ keV and ~ 0.46+°-^^ keV, respec- 
tively. All the spectral components are absorbed by an equiva- 
lent hydrogen column density Nh - 3.48^"| x 10^' cm"-. Our 
XMM-Newton X-ray spectral properties suggest the Compton- 
thick obscuration in NGC 7682. 
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